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Introduction and Summary
As in the title of the research grant, our main effort is in the interdisciplinary, mathematically and computationally oriented study of imaging in complex (random) media and in the broader frontier of quantifying uncertainty. Successful research was carried out in the following areas:
• Virtual source imaging (papers 1,4,11). The idea is to use a passive array near to object to be imaged while the illumination comes from a distant array and goes through a complex and unknown medium. It is shown that when imaging with cross correlations of the data on the passive array the effects of the complex medium are minimized. This work is done mainly with J. Garnier and C. Tsogka.
• Passive sensor imaging with ambient noise sources (papers: 3, 5, 16, 19) . This work is a continuation of a project started in the previous grant period. It contains overall the following main accomplishments: (i) A demonstration that the Green's function for wave propagation in an ergodic cavity can be recovered exactly by cross correlation of signals at two points when there is only a single illuminating noise source.
(ii) The systematic use of the stationary phase method to estimate travel times from recorded noise signals under different ambient noise conditions. (iii) A new theoretical formulation for imaging reflectors with passive sensors using only ambient, opportunistic noise sources. Extensive numerical simulations amplify and validate the theory. We have also applied these methods to indoor source localization in the microwave regime using real data obtained with a source-antenna system at Stanford. One former graduate student was involved in this project (T. Callaghan) one postdoctoral visitor (N. Czink), and one senior collaborator (J. Garnier).
• Imaging in strong clutter (papers 17, 20) . This is continuation of research started during the previous period of the grant. It is well known that detection and imaging in strongly inhomogeneous media (heavy clutter) is very difficult if not impossible. A general and effective algorithm has been developed that can filter out and minimize clutter effects. It is based on the windowed Fourier transform (the local cosine transform) and the singular value decomposition of the sensor data. A theoretical analysis of this algorithm has been given for randomly layered media. However, numerical simulations indicate that the method works well in general clutter. One postdoctoral visitor (R. Alonzo) and two long-time collaborators were involved in this project (L. Borcea and C. Tsogka).
• Optimization based imaging (paper 2,6,12,18). This is a new project that deals with coherent imaging (imaging in homogeneous media) using optimization methods when the image space is sparse. It also includes work when only field intensity measurements are recorded by the array sensors. Semidefinite programming (optimization) methods are used in an original way to give very good results when imaging sparse reflectors and when we are in high signal-to-noise regimes. A lot more work is needed in this emerging area. The work was done with M. Moscoso (visiting from Spain), A. Chai (a former PhD student working with us) as well as L. Ryzhik and A. Novikov.
• Autofocus and motion estimation in synthetic aperture radar (paper 7, 8, 13) . This is the continuation of a project in which we have developed autofocus methods based on a phase space formulation (Wigner transform) of the array data and the image. We have also used this approach for target motion estimation with SAR. But we have not been able so far to combine effectively autofocus methods with motion estimation. One postdoctoral researcher was involved (T. Callaghan) and one senior collaborator (L. Borcea).
• Multi-agent systems, shocks and uncertainty quantification (papers 9,10). This is a new research direction that quantifies uncertainty in multi-agent systems, using the theory of large deviations (rare events) in large, interconnected systems. We have also studied the influence of a random environment on shock propagation. This warm was done with a graduate student (T.W. Yang) and J. Garnier.
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